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(57)Abstract: * 

PROBLEM TO BE SOLVED: To provide a thin film magnetic head in which 
side fringing is small and a satisfactory off-track characteristic is obtd. 
SOLUTION: A lower core layer 7 has a bottom magnetic pole end part 7a 
and a top magnetic pole end part 7b, which is formed so as to project from 
the upper part of the bottom magnetic pole end part 7a to a magnetic gap 
G side. On the medium opposing surface side, the magnetic resistance Rg 
of an abutted part of the magnetic gap G between the magnetic pole end 
part of the lower core layer 7 and the magnetic pole end part 68a of the 
upper core layer 68 and the total leakage magnetic resistance Rl of an area 
surrounding the magnetic gap G have a relation of the following equation; 
Rg/R'=g/2Dw[{2g/(t+g)}ln{(p+g)/g|+ln{(g+2t)/gD^0.1 when the thickness of 
the magnetic gap G is expressed by (g) t the track width w1 is expressed by 
(w). the thickness of the top magnetic pole end part 7b is expressed by (t) 
and the thickness of the upper core layer 68 is expressed by (p). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Ctaim 1] A slider is equipped with the inductive head which has a magnetic gap between the pole tip of a lower core layer, and 
the pole tip of an up core layer. It is the thin film magnetic head by which turns the medium opposed face of a slider and 
surfacing transit is carried out to a magnetic-recording medium. Said lower core layer has the top pole tip section formed so that 
it might project in a magnetic gap side from on the bottom pole tip section and said bottom pole tip section, and sets to a 
medium opposed face side. The magnetic reluctance Rg of the comparison part of the magnetic gap of the pole tip section of a 
lower core layer, and the pole tip section of an up core layer. The thin film magnetic head characterized by being the relation 
shown with the following formula when magnetic gap and all the magnetic reluctance Rl including the part of the perimeter set 
thickness of said magnetic gap to g and set [ the width of recording track ] thickness of t and said up core layer to p for the 
thickness of w and said top pole tip section. 

Rg/RI=g — /— two — pi — w — [— {— two — g — /(t+g) — ] — In — {(p+g) — /— g — } — + — In ~ Kg+2t) — /— g — ) — 
] — <= — 0.1 — [Claim 2] The thin film magnetic head according to claim 1 to which thickness of said top pole tip section is 
characterized by being 0.08 micrometers or more. 

[Claim 3] The thin film magnetic head according to claim 1 or 2 to which thickness of said top pole tip section is characterized by 
being within the limits of 0.08-0.8 micrometers. 

[Claim 4] The thin film magnetic head according to claim 1 to 3 to which thickness of said top pole tip section is characterized by 
being within the limits of 0.3-0.4 micrometers. 



[Translation done.] 
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DET AILED DESCWPllON ' ' , ^ , ^ ^ ^ V I 

. • . ,. . . v .. — ■ , . 7. : .. * ~ ~ 

[Detailed Description of the Invention] ; * ; . 

[0001] . .. . ...M.j r - -i 

[Held of the Invention] .About the thin film magnetic head, especially this invention, has. small, side fringing. -and relates -to. the. thin 
film magnetic head from which a good off-track jproperty is acquired. -,. w ».*, . r 

[ooo2]^ V: 4 .v ; ". '. . .,.v^^ ^■• ; v.'-' 1 ; jv^;,r s : r 

[Description of the Prior,. Art] Drawing 2 is, the perspective view showing an example of the conventional thin film magnetic head. 
This thin film magnetic head is the tying . of the surfacing ( type canied in magnetic-recording media, such, as^a -.har^d ;disk drive .unit. 
The side shown with^a ,sign. 36 by the .leading side by. which the^side which shows the slider 51 of this thin film magnetic; head, 
with a sign 35, in drawing 2 turns ,to. the upstream of the migration, direction of a disk sidei is a trailing side, in >the fieloVwhich, 
counters .the, disk of this .slider 51.. f rai^Jike^the>AB.S sides (pneumatic-bearing side: surfacing side of the rail section). 51 a, 51a,, . 
and 51b and the Ayr c grooyes 51 c and 51 c are formed. And the magnetic-core section 50 is formed in. 51 d, of end faces by the : « . v 
side of trailing, of, this:slidei; 51..- . , ^ G ... ti ■■••>*»,•:■ i»r 

[0003] The magnetic-core section 50 of the thin film magnetic head shown in this example is the compound-die magnetic head T 
of the structure shown in drawing 3 and drawing 4 , and on 51 d of trailing side edge sides of a slider 51, the laminating of MRr t 
head (read head) hi and the inductive head (write head) h2 is carried out to order, and it is constituted. , s v 
[0004] The lower gap .layer 54. is formed, on the lower shielding layer 53 which MR head hi of this, example becomes from ,the» . r -v 
magnetic alloy formed in the trailing side edge, section of a slider 51. And on the lower; gap layer 54, the laminating- of the v /. 
magneto-resistive, effect component layer 45 is ; carried out The up gap layer- .56. is, formed . on" this magneto-resistive -effect^ , j. 
^component layer 45, and the up shieldingvtayer 57 is formed on rt Besides, let the section shielding layer, 57 at cofnbination, be itt?t . 
the lower core layer of the inductive head h2 formed on it. This MR head hi reads the contents of record of a record medium by ^ 
changing resistance of .the.magneto-resistiye effect component layer 45, and reading. this resistance change by. the existence ; of } 
the minute leakage field from magnetic-recording media, such as a disk of a hard disk. 

[0005] Moreover, the coil layer 66 pattemized so that the gap layer 64 might be formed on the lower core layer 57,and an . ?v ... < - 
inductive head h2 might become spiral superficially on it is fonmed: Said coil layer 66 is surrounded by 1st insulating material v.. v ? 
layer 67A and 2nd insulating material layer 67B. As are shown in drawing 5 , and the pole tip section 68a is opened in ABS side ~ 
51b, thickness g of magnetic gap G is opened in the lower core layer 57 with the width of recording track w2, it is made to ; : 
counter and it is shown in drawing 3 and drawing 4 , the up core layer 68 formed on, 2nd insulating material, layer 67B connects, «n; 
the end face section 68b to the lower core layer 57 magnetically, and is prepared. Moreover, on the up core layer 68, the. 
protective layer 69 which consists of an alumina etc. is formed. , ... 
[0006] In such an inductive head h2, a record current is given , to the coil layer 66 and a record current is given to a core -layer 
from the coil layer 66. And said inductive head h2- records a magnetic signal on magnetic-recording media, such as a hard .disk, by 
the leakage field from the point of the lower core layer 57 in the part of magnetic gap G, and the up core layer 68. ; — 

[0007] In such the thin film magnetic head, in order to raise the recording density which shows the amount of the data ~ « — ,^ 
memorized by per unit area to magnetic-recording media,, such as a hard disk,. the thin film magnetic head which can write moref > 
data in the narrower truck of a magnetic-recording medium is called for. The approach, of increasing the number, of data tracks,.^' 
which an inductive head h2 records on a disk as one of the approaches of raising said recording density is mentioned. The ; , t>. 
number. of these. data tracks can , be increased by naiTowmg^e width, of recording track w2. For this; reason, offer of the nantow^ 
thin film magnetic head of the width of recqr^ing.^ck^^ wa ... • II . , ... 

[0008] However, in such the thin film magnetic head, there was un-arranging [ that side fringing produced. by the magnetic-flux 
leakage by magnetic flux phitO other than.magnetic^flux^ track w2 was i 

large, and a good off^-track property was. npt acquired^ fringing, becomes large as it 

narrows the width of recording track .wSL Ror, this reason, it was difficult to narrow the width of recording track w2 of the thin film 
magnetic head. ^ 
[0009] . \ 

[Problem(s) to be Solved by the Invention] This invention was made in view of the above-mentioned situation, and solves such a 
problem, and its side fringing is small;- and it makes it ^the r technical .problem .to .offer. Jhe thin^lm magnetic head ifrpm which a - < . 
good oflHrack property is acquired.. ^.-/j r , L , ;£l .v ^u^t , ^no-r -Wi *n»W.V* .i - 

[0010] : j v . f 

[Means for Solving the Problem] In order to solve said technical problem, the thin film magnetic head of this invention A slider is 
equipped with the inductive head : which* hast a, magnetic,gap, between t the r pole -tip. of -a jower core layer, and the, pole tip ,of an up 
core ; layer. It is the, thin film ma^etic.-headiby.which-tu.msjthe .medium-ppposediface^of.aisliden.a.nd surfacing transit is carried. - 
out to a • magnetic-recording . medium: : Said. Iqwer, core • layer; has^the ,top , pole, tip . section , formed so that it might project in a., 
magnetic .gap - side ■ .from • on- : the. bottom pole, £ip i.sectipn.andj said tbpttom . ppl e. tip • section, and, sets >to a medium^opppsed face side.,. 
The magnetic reluctance Rg of the comparison part of the magnetic gap of the pole tip section of a lower core layer, and the f< 
pole tip section of an up core layer, When all the leakage magnetic reluctance Rl of the part around a magnetic gap sets ; jfj 
thickness of said magnetic^ gap to g and sets [ the width of recording track ], thickness of t and said up core layer to p for the 
thickness of w and said top pole tip section, it is characterized by being, the relation shown with the following formula (i). 
Rg/RI=g/2piw[{2g/(ttg)) In {(p+g) /g} .,. . > - ^ ■ . • 

+ ln{(g+2t)/g}]<=0,1 ...0) 
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erasion bands SEB1 and SEB2 which are the width of face from edge 7c of top pole tip section 7b on said bottom pole tip 
section 7a to the location of the magnetic flux phitl of the shape of said radii, and the magnetic path which phrt2 passes. In order 
to obtain high recording density, as for the erasion band EB which is the width of face which doubled the width of recording track 
wt, it is desirable that it is about 0.35 micrometers or less. Moreover, the die length of said erasion band EB becomes so small 
that Rg/RI is small. In order to set the die length of said side erasion band (SEB1+SEB2) to less than about 0.35 micrometers 
which is the desirable range, it is desirable to make the value of Rg/RI into about [ 0.1 or less ]. 

[0023] Moreover, the value of Rg/RI becomes so small that thickness t of top pole tip section 7b is thickened. In order to make 
the value of Rg/RI into about [0.1 or less ], it is desirable to set thickness t of said top pole tip section 7b to 0.08 micrometers 
or more. Furthermore, as for thickness t of said top pole tip section 7b, it is more desirable that it is the range of 0.08-0.8 
micrometers. When thickness t of said top pole tip section 7b is the thickness exceeding 0.8 micrometers, since floor to floor 
time increases in order to form top pole tip section 7b by ion milling etc., and formation of top pole tip section 7b becomes 
difficult it is not desirable. Furthermore, let much more desirable thickness t of top pole tip section 7b be the range of 0.3-0.4 
micrometers. 

[0024] In order to obtain such the thin film magnetic head, magnetic gap G is prepared on the lower core layer which consists of 
film of uniform thickness without irregularity, on it, the up core layer 68 is used and photoresist frame plating processing is 
formed. Subsequently It is carried out using the approach of forming lower core layer 7 of having bottom pole tip section 7a and 
top pole tip section 7b etc., by using said up core layer 68 as a mask, and cutting and lacking said a part of lower core layer by 
desired thickness using an ion beam. 

[0025] The lower core layer 7 has top pole tip section 7b formed so that it might project from bottom pole tip section 7a and said 
bottom pole tip section 7a, and sets such the thin film magnetic head to ABS side 51 b. The pole tip section of the lower core 
layer 7, and magnetic reluctance Rg of the comparison part of magnetic gap G of pole tip section 68a of the up core layer 68, 
Since all the leakage magnetic reluctance Rl of the part around magnetic gap G is shown by the above-mentioned formula (i) The 
die length of the erasion band EB can be made small, side fringing is small and the thin film magnetic head from which a good off- 
track property is acquired can be offered. Therefore, it becomes possible to obtain the thin film magnetic head which has narrow 
width-of-recording-track 1w. 

[0026] Moreover, since increase of floor to floor time can be controlled while being able to make the value of Rg/RI still smaller 
and being able to make side fringing small further by using preferably 0.08 micrometers or more of thickness of the top pole tip 
section as the range of 0.08-0.8 micrometers, and the thin film magnetic head which is the range of 0.3-0.4 micrometers more 
preferably, the thin film magnetic head from which the more excellent off-track property is acquired can be offered. 
[0027] 

[Example] Hereafter, an example is shown and this invention is explained in detail. 

(Example 1 of an experiment) The thin film magnetic head shown in drawing 1 with a thickness [ of 0.3 micrometers in thickness 
of magnetic gap G, width-of-recording-track w1.9micrometer, and the up core layer 68 ] of 2.5 micrometers was created, and the 
value change of Rg/RI when changing thickness t of top pole tip section 7b in 0-1 micrometer was investigated. A result is shown 
in drawing 6 . From drawing 6 , it has checked that the value of Rg/RI could be made small by preparing top pole tip section 7b as 
compared with the conventional thin film magnetic head whose thickness t of top pole tip section 7b is 0 micrometer. Moreover, 
it became clear that small Rg/RI is obtained, so that thickness t of top pole tip section 7b was large. 

[0028] (Example 2 of an experiment) The relation between the value of Rg/RI and the die length of the erasion band EB was 
investigated using the thin film magnetic head obtained like the example 1 of an experiment. A result is shown in drawing 7 . 
Drawing 7 shows at Rg/RI that the die length of the erasion band EB is small, so that a value is the small thin film magnetic head. 
Moreover, although thickness t of top pole tip section 7b shown in draw ing 6 could not set the die length of the erasion band EB 
to 0.42 micrometers or less in the value of Rg/RI of the conventional thin film magnetic head which is 0 micrometer, it has 
checked that it was possible to make the die length of the erasion band EB small in the value of Rg/RI of the thin film magnetic 
head which prepared top pole tip section 7b. Moreover, the value of Rg/RI is understood that it is possible to be referred to as 
about [ 0.1 or less ], then about 0.35 micrometers or less which is the desirable range about the die length of said erasion band 
EB. 

[0029] As shown in drawing 6 , in order to make the value of Rg/RI of the thin film magnetic head into about [ which are the 
desirable range /0.1 or less ] further again, thickness t of top pole tip section 7b is understood are possible by being referred to 
as 0.08 micrometers or more. Moreover, still more preferably, the range of thickness t of top pole tip section 7b is 0.08-0.8 
micrometers, and by considering as this range, it can make the die length of 0.1-0.077, and a side IRESU band (SEB1+SEB2) the 
range of 0.35-0.1 7 micrometers for Rg/RI. and can control increase of floor to floor time. Much more preferably, it is the range of 
0.3-0.4 micrometers, and by considering as this range, the die length of 0.084-0.081, and a side IRESU band (SEB1+SEB2) can be 
made into the range of 0.226-0.204 micrometers for Rg/RI, and increase of floor to floor time can be controlled further. 
[0030] 

[Effect of the Invention] As explained above, the thin film magnetic head of this invention A lower core layer has the top pole tip 
section formed so that it might project from the bottom pole tip section and said bottom pole tip section, and sets to an ABS 
side. Since the magnetic reluctance Rg of the comparison part of the magnetic gap of the pole tip section of a lower core layer 
and the pole tip section of an up core layer and all the leakage magnetic reluctance Rl of the part around a magnetic gap are 
shown by the above-mentioned formula (i) The die length of an erasion band can be made small, side fringing is small and the thin 
film magnetic head from which a good off-track property is acquired can be offered. It follows, It becomes possible to obtain the 
thin film magnetic head which has the narrow width of recording track. 

[0031] Moreover, if Rg/RI can be made or less into 0.1 for Rg/RI if thickness of the top pole tip section is set to 0.08 or more 
micrometers, and it is more preferably made 0.08-0.8 micrometers It is being able to make Rg/RI into the range of 0.1-0.077, and 
considering as the thin film magnetic head which is 0.3-0.4 micrometers still more preferably. Since increase of floor to floor time 
is controlled while being able to make the value of Rg/RI still smaller like the range of 0.084-0.081 and being able to make side 
fringing small further The thin film magnetic head from which the more excellent offHrack property is acquired can be offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown an example of the important section of the thin film magnetic head of this invention. 
[Drawing 2] It is the perspective view having shown an example of the thin film magnetic head. 

[ Drawing 3] The thin film magnetic head shown in drawing 2 It is the sectional view having shown the magnetic-core section. 
[Drawing 4] It is the outline perspective view having shown the thin film magnetic head shown in drawin g 3 . 
[ Drawing 5 ] It is drawing having shown an example of the conventional thin film magnetic-head important section. 
[Drawing 6] It is the graph which showed the relation between the thickness of the top pole tip section, and Rg/RI. 
[Drawing 7] The die length of an erasion band It is the graph which showed relation with Rg/RI. 

[Drawing 8] It is drawing having shown the magnetic reluctance of the thin film magnetic head, and the equal circuit of a magnetic 
path. 

[Description of Notations] 

7 Lower Core Layer 

7a Bottom pole tip section 

7b Top pole tip section 

68 Up Core Layer 

51b ABS side 

G Magnetic gap 

w1 Width of recording track 

EB Erasion band 
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[ Drawing 4] 



http://www4jpdl.ncipi.gojp/cghbin/tr^ - , i f .v ; 4 .;2004/12/!r15 



3/3 ^— v 




0.1 



0.2 



0.3 0.4 0.5 0.8 



0.7 



[Drawing 7] 
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■ .:^y^i>. (Si i 02)!#>B^:«if&BaK^»!S.;. 
1 tO. O 1' 4 ] Ta5#^:s/^te3::0><O±»C,\;GMR*K'.4 0 

BG VD \Z<k O mfiLZZK ttv 5 0'nm.t* 

.. S 6 GMRI4 Ottv ^^^i.(T a) j- /t-VDrf 
(NlFe^) . a;Wh (Go) ; >l'(Cu) ; n 
A;bh (Co). » .5"DK;(C r) •'7^;!f>:(Mn) • 

7?^- (p t) *tja^«H^*aT^$n^i . '©* 

TJ» a/WWh (Go) , mXGu) 3Ly^>{f\Zi: 



[0 0 15] GMRI4 0©pEi3$§&<E>i:l£, GMRi4 

o\ztt-fz>m®m8o&mf&-2iiz>. iiison x 

/Vyf"J>yf L<l4CVDlCJ;0M$n, ^-©J»£ 
te, 5 0 nmJW±Tfe-5. m@BI8 0 tt, ^DA (G 
r) . aJVUb (Co) WnA (Cr) 
(Pt) <D-&&. i'PA (Cr) , 5>>9)l (Ta) S 

ni^fflsuT^sn^. ec't* m3sa («±e 

<BJ) ©^DA (Cr) ©ftbDl£> ?>&)V AT;:a) <h 
^>Wf> (W) * 
£, ftiB©^^^;!' (Ta) ©ftbOK:, & (Au) 

[0 0 16] £iE>»C> M&8 0©±{^ »«K;9*Q# 
flgj5££n-5. €119 011 7/^i"J>yi:*0»jS- 
^n, -?-©JP£te> 2 0 0nm"i?»5. tgR-9'-0,tt, 

& (au) #tjsi'>&n«. 

[00 17] HlfciS^TH Bj£bT<^fc^ 

B-B' \z&^X®8i2ti, fffl^WffSn 
3i vlCD«»fW«^J;oT, GMR14 0H JK^ISS 

[0018] ^fe, s2.?£ffl^T^-r?)«k5fc, mm 

\z, *mMBmiz&2>zmmwf&zti2>. mmmom 
fiK^n-sfisn Eitc^x-e*T<i:5ic, GMRis 

[0 0 19] 3Wc>.-&2«fl|lrvr, **fiS»ffifc*5li 

10B-B' (C^^T«»fW^bfc«fi8tC*3ttSA^ 
A ? W®**l/T-WS. 

[0 0 2 0] &«1 OCDitCH TS5'>-;WHJK2 0*t 
»J*atU TWf^l3.0S^GMRl4 

OdilS^fiSan^. 

[0 0 2 1] GMRI4 0©»*oT. fiBUS^ 

a h©^±®^ &sin^ffln<DSgg5^^5 j; o \z. mmm 

D-^J«Stl, ^©i$H :5 0nrat»S. ^115 0 
(AI 2O3) trift->U3> (S i 

0 2 ) frzfcz. nmms,oiivx\ 7;W3^- (a i 2 o 

3) £— ®tffc->U3> (S i O?) .*fflV>*JlttC<tD; 
tl£££«&V>.> GMR14 0<D^g5t)^lfC 

[0 0 2 2] GMR14 0&^%itl5 0(O±.iZ^ ±pP 
*tv^R6 Od^^atl^). ±g5^^^yK6 0«, 
7.yt>v^U>^«CJ;0^an. ^©JPS«, 50nm 
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tffeS. J-^«yi6 0(i;' T)V5.j~ (Ah0 3 ) 
tzS!ft:v''J-3> (S i 02)-'*5SS»ltfe5. 
[0 0 2 3] JiSS^Vy ^ 6<0 <D£\Z. ¥22-3 M 

-f (N i F e6i) *v&8|j^S5ft')5.-'-' • ; 
[0 0 2 4] ttT?, GMRBH'O ©TSfl i FSK v /-I ^l' 
H *f&> 0 feBBCSEfB G Wi. 'T«^ -f-y-^R^p ©l&JP 

mifc'tv^. ■ ■ * !i ... ■ :•*.-=> 

[ 0 0 2 5 ] — A\ GMRSJ4 0 ©±ffi t ±SCv~ ^ F 

f70 ©|H©iE«G 2 tt, _h»¥r 6 o ©fll@fc 

^Tnifc-znz. ±^-)vm7 otK^-;^- 

m : 2 0 ©ElO^fiG 3 *«, fiSM^V^ ^R^fe f, -tl 

0©jKJfI£. -GMRK4 0©IRJ»tw<koT«®3ttS. 
[0 0 2 6] Tffi^—Jl YB2 0(D±\zmi&^n 

5^ty^i3 0 ©i^SJt-^Mfc^ -^MR 
£4 0<DTBt"F»^-/H s W2 0©IBi©ittWE»1 1 
1, Itttt. V>rrn©«Sf-et>*K> 50rim£:&o 
TVi^„ GMRgt4 O0*Wt®B5~ : ni'** 

* -5 *>©"*?*«. ' • -.V....i.- 
[0 0 2 7] S 6>lC. GMRR4 0 ©Ji® ■&±&z' i -fr 
FI&7 05©|i5i©85MiE8tte> GMRI&4 0©:klC, Tftlg 

0©R»JC#UW5 0 nraT*'«i v ^» GMR14 0 

(D&M&ftzmnrcmvwftit&frxu* <■ 1 22^?$. 0 , 
cms, 5 0 ©bw \z±m** vi/m&o <omm 

•a5»IC'^W-.Slft»BI- 5 0 ©BUPfciu - 5 0 n m\£ V D%* < 

feti^. ^nrau TWt y/R3 0(DWi:Wl 

-XT. GM R 4 0 A* 5 0 n mfflftftfi S tlX ^ 0 > 
»• •:2©G¥R*4: i D.©«i(0lifev«l«S 0 J *J§8fcr* 

*> 5 0 nmi 0 i»b^6v GMR«4 

^fflW^ ^itct D, #±BIWC«»t*GMRir4:0 <h 
±gs ^_ JV 7 0 ©EW1 1 21 Sr. ^±®flS*i 
i tegtiifcW £ GMRI4 O tiS-^Jl' HR'7'0 ©KHI 
I 22i 0 fc/hS < "IW8. • ••' •'• • 

[0028] mmms ozm^tz^m-siziz. ± 



&MR14 0 <»&£W&&1&fttz.m<?>1%Wz'#li}2> 
±§&^-r 9^16 0 ©Kfffc, 4 O nraaTTSofc. 
fot, GMRI8I4 0 JVF8&7 0©^©*6& 

WHEtev GMRR4 0 ©#J;H4»6lii^*©I*fc* 
»t*±«** 7^16 OflWWPlCJ:t>TillRS*CtV» 
fc. JI©<i:#©Sei@»JE«:> 4 0VKTT$ofc 
[0 0 2 91 *:n\ZltfLX, ■#20B#»T?ttv GMRl 
4 O h±&i'-)l> HI7 0 ©P B l©^i&©ffitt> GM ; RS 
4 0 ©?? -hfflfiS <fc ±8& v-^ H Bt 7 0 <Dtm I 2 1 £ «fc o 
T**'-**:*v 5 0nm*i§t5Ct«f5. £© 
t€©iffiiBtiSiffitt. 5 0Vttl>u^Tl?5. 

[0 0 3 0] Sfc, ^±®fl!l^e»tlfcfirgtC*3^?)G 
MRI4 0 iz±&->-)\> «7 0 ©^ I 22S^C# < t? 

C t\Z& 0 . "«aE»JK#«» & GMRK4 0 
Tzmft*^ ±.Ws~)\> h*17 0CADI< ft 3 fca?>, G 
MR14 0 «|ircO««aEflSfl«**< ^ 0 > W3tm±& 

[0 0 3 1] *tC. »3'SfflVi"t;' t **ie»»fc3:*W 

KfiSM^-y ^^©^rsi* i &^fc*'&©®f®*^^" ::>( ' i 

TfiBJ-rs. B3I1 01©B-B* »r®**UXV» 
[0 0 3 2] *S1 0©JiJC^ T»5/— /H«*2 0^ 

fiS^ti. T»^ry^lR3 0&atGMRIBI4 

o*t«^«^ti*. 

[0 0 3 3] GMRI4 0©M«gft«. GMR14 0 

4 o 2:mfflBt8 o &mmzmj£<»BmzMi$.~zzz>'?x 

tl«> . C0Dl'^H/^-> SffitAT. GM RI4 0 <h 

8 o *mn\zmfev>i&w>zi&&x%*. 

[0 0 3 4] ^-©^ m2\Z&^TWlWlstc&3\Z. G 
MR14 0©SSB*^3 J:-5lC«5iB:K5 OtfXUftSft. 
«@K8 0©-hlCtt, 01>C^UfcJ:5fC, 1II9 0 

[0 0 3 5] S&'tC, GMRI4 0:, Hmm 5 0 i- 
§ 8 0., 9'0 <D£#&±\Z\ J:Wt-V7li6 0 tv ± 
gBv-^HK7'0^)lM*^Sn ! S. ' 

[0 0 3 6] -^'S«.i;W4'jyCfflB5*»V»Tv 

2m0nmmt<oMmz&\^wiwT2>. 14»ot 5 

[0 0 3 7] 04 (c^-T it 5 Iti Sit 1 0 ©±lct*; T 

3 oa*««&2n3. ; 

[0 0 3 8] TSS^Y ^^3 0©±C GMRlt, 
[00 3 9] ■?•©«> mffiK 8 0 ©fflg5Sl^GMRJK© 
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±ichu ««i9 oAW'sns. 

[0 0 4 0] se>ic. 15t:stJ;3ic. gmri, Sfi 

4il 5 0 , «@18 0 , 9 0 ©£#©-kK:, -hSS^-V V 

^I6 0t. jiSB->-;vf17 o^js^fiK^n-s. 

[0 04.1] 0 5JC*3^T> ^EP (a) , (b) . 
. (c)., (d) T^T^tC*5^Ttt. tSl8 0©« 

-5. ftoT. SS18 0©±^£-kg&v'-.M'l?l7 0 
©TBS*T©K«I*^ S^l 5 0 am^^Cit^T* 
^.< -C€r^fc*> iMSt±«->— FBtMWlMHHEE* 

[0 0 4 2] X\z. B6*fflHT, #H16JgSgte<k*f* 

&i5. 06© (B-l) ~ (B-3) B10A- 
. A' BrBSr^U 06© (A-l) ~ (A-3) tt, 0 
1©B-B' UrlSglTW. Sfc, 06© (A- 
1) ~ (A-3) te, @2iliS^D. B-B' ©Wc 

&^Twm2nz>momm, mt,. mi\z&rtz>A- 

[0 0 4 3] 06 (B— l) , (A- 1) iz^rtJ:o 
iZ. »$2mra07f5r^A (A. .10 (T 
M. tfcM (C) ©^&. .Gr-n&vir ) *>£;&-5S«i 
0©±K«> 1 0./tmO7;Mt (A 1 2O3) 1£ 

xny5>v>tf-zM&L\srz&.. n<DZJ/vvh (c 

o)'fc-^ (Nb) tv?;Pn-^A (Zr) 
£TS&->-;W h*l 2 0*5, >y * U b < tt* y 

[0044] TS5>— ^ Kl 2 0 ©±C J»£# 5 0 n 
■ ;m©7,;P5^- (A I2O3) t~!t{k-> , J3> (S i 
"pi^&ftST&Fr-y-^lts oa«, x/t^iS"j>y 

[0 0 4 5] T8&*^y^l3 0©±lCv (T 
a) , A— VD-f (Ni F e&i) , (C 
0) , m (Cu)>..3Wh (Co) , i'Dis (C r) 

• ^>n> (Mn) • (p t) tfM&atjren 

TJ9£# 5 0 n m©CM Rl 4 0 7>/ty#V>&& 

[0 0f4 6 ] £ e tc. (B- 1 ) \Z^T£o tC. GMR 
M4 0©M^S5©±JCv ^nA. (Cr). OAWh (C 

0) tJ'DA.eCr)'^? 1 * (P t) 

A' CC r ) , 9-~>9*fr (Ta) £«^WJlbTJiS2a*5 
: 0 nrntDlgi 8 ,0 ■ j8& XAt y * *X>ffWUA Ht-QV D 
.i£d9Q)(|fft$n«. ®«18 0 P-v 5 ^. FWTWCT 

1) %<f*>s.v>?\z&r>xm : £tsnz>o 

[0 0 4 7] (A-' 2) IC^T <fc 3 IC, GMRl 

4 0 ©Sggrcfc 1 T, «ffg| 8 0 £ tl§<Bd b 

Xm3&rZ>m<D$ft%l>*WoX.~>\Z, »$*t5 0nm©7 



(AI2O3) <t=gtfb->y:n> (S i0 2 ) 
[0 048]iffiW50OM, GMR^4 0ttS 

18 oommzm^r^) ? b^rym<ou^x hw. w 

hfJfB^v ^#?SIC«fc0i5fe^Sn^. CdT. GMRI 

4.o©»t imms oiz^omtitiTuztztb. ? 

tlTt), GMR14 O+W^/Wh (C o) ^fli'.-CC 
u) ^MSnS^^ftOSO. GMR14O0^ 
-> J *E*ihT^-5 i b©-rfe^. 

[0 0 4 9] ^(C. 0HC*bfcJ:5lC, fffiI8;0© 
-hfC> JS£rt*2 0 0 nm©£ (Au) ;^<=>fc5ttffil9 

[0 0 5 0] tS*>lZ, (B-3), (A-3) tZm^Jz 
o\Z. GMRI4 0, J&&15 0, 1118 0, 9 0S 
Ipi^l:, J»£#5 0 nm©7Jl'5t (A 1 2O3) i 
=SEYb->'J3> (S IO2) ^e^^.-hgP^^yyK6 
0*^ X/^y?V>if\z£9Mf$.2tl2>o 

[0 0 5 1] ±Mty7I6 0ffl±l:, i32~3/z 
mffl/t-YD^f (NiFe^) ^e>^:-5±gS->.— 
I7 0*t, y 9 U >^*«b < >y *te«J: D ^2 

[0 0 5 2] _kSB>'-;i' HJR 7 0 ©Jg^^. 0 1 lCi5tf 

^b-b' fc*5^T^)»f$n, t<r>w%xmz:wm-rz>z\ 

tlCkoT, -b>D-Ci&5GMRl4 0i(|S, ^JiStCg 

[0 0 5 3] *S6jt»ttfc*^Ttt,. GMRI4O.01 
ffl tJi^>-JW 7 0 ©P B 1©Sg#^8i«, GMRl 4 
0©^±ffi*>e^nfcffllI©^(C*3V>T«> «SM15 0 

omm \z t v 6 o ©up * m ^tz *> © t & 

0, 5 0nmEAJi©m^sa»T^)C;<i:d*-r^S. fiD 
^±®fi!ltC*3tt^)GMRl4 0 t±m^- a ik¥Wi 

7 o<Dmm&* &±ffimft*>Mntz&w\z*$wz>GMR 

14 O tJtaP->— ;W HI 7 0 ©^IffiJ: D =b/hS < UT^ 
-5. iintCJcoT, *^JSJ^IST«, ^WJE^|6l-h$ 

[0 0 5 4] GMRl 4 0©S8ST$ot, ^-h 

MMfr &8infc(a©Sgg5S:i^l 5 0 TJ«'5'±3-te UT 
l^^X ^©^©ISlCfc, GMRl4,0,«f© 

arwh (co) ts(cu) *t*ftan*ctjw«t< 

/^^^©Xfe?). 

[0 0 5 5] ^:*5. £AJi©l»WX«, ^fitni^*l<»: 
bT> GMR14 0*ffl^-&fc©tbTUiBJbfe*^ G 
M RM tC^AT; M Rl^ffl *> nflUsHjdtT ® - <t 
^X^^&. MRl$:fflV^*^ICtt> 0 6 (B-l) , 

(A-l) (C^TISJC15^T, TgR^Y <>yi3 0© 
±\Z. N 1 F e ^>^;W (Ta) . A-T 
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D-f (N iFe^) > $>5>)V (T a) 3. 
tl^tm$^5 0 nmCOMR^, XM7^"J>^t< 
«CVDtcJ:90Jj££*l&. ' 
[0 0 5 6] MRIiSffl ^5l^lCt>. MR'10??±ffi 

^Av^fiinfcagptctt. (A-2) \ZTR-f ^mzmmm 
(Dmommmm^ MRi&©^ : ±®a^8§nfc$i©g&# 

tCfc^Ttt. *6igUBI 5 0 ©W#fCJigB^^ -«j> -^H 6' 0 © 
$U££»iLfc i fe©£&9 "-5! 0 nm^-htoiPS^^-f 

r> , #±B®Jt'*5W^MRmiiKgcv'-;p vm 7 0 ©E 

— KBg 7 0 ©i£8f <fc 0 fc/hS < util:i-3 

[0 0 5 7 1 MRIWc43V»Ttt, T^* UttOW 

(Co) ^>ff? (Cu) H^'SnT^fc^fc'** fXf? 

[00 58] -£\z. mT^m^T. *mwz>m2<?>3m 

7 S§ 1 ©SHJ6J£&t;::fett£0 2 K^rarr^BT?* 
Sltffc , b©'£H*T*»K B7tt. S1©B-B* tC*5 

[0 0 5 9] Sfiio©±i:li TSKv— ;P-Kil2 o# 

; owmx.&j&2nz>. mmi o, Tmz"-)mm2 o, 

TSS=^Y>v^3 0R^GMRm4"0©*fK, & 

[0 0 6 0] 07 1C«^$nTt^^^ 03lC^Lfc 
, J;p(c; GMR$t4 0©F5«BBlC : ttU : GMRl'4 0 £i* 

•.a-r-6.«fc'3fc. •w»8 / o'awM&af*U'''«Bi8 o©± 
ten BicwLfej^e^WBis 

1II8 0, 9 0:©#Sli WS, ■Rtfj«H«Stt»^Jii 

[0 0 6 1] GMRB§4 0 , T^¥V^M3vO St^m 
Jggl 8 0, 9 OfflJiC, JiSB^V >y ^I ; 6 O^iiS 
tt*..'Jt*** y ^6 O'Att, x/l.y^'J K) 
MrfLZtl. ^©J9£ tt. 5 : 0-nmT$5. J.{$#ir y 
i6 0AH (A 1 203) i-®{t;~>'Jci> 

(s io 2 ) a>5fc*»»iirc**. • - r 

.[0 062] ±Mfy^6-0 A«* 'GMR14 0 © 
_t©Bftfi-{=i5^T> (hM&mmisT^Ztztb; £©£>& 
©Sg^S?*? fcLT, - *fei$l5 0 -A'Sjftft^-*; 16 

5 0 AH >VW5r U^lCfe 0 JBriESffc 
$li .5 0 nrat$5. «SgaK5 0 Att, T)VS.-T (A 

1 2O3) ^-Wt^y 3 > (s 1 o 2 ) fr&teb. 



[0 0 6 3] ±»4 £ *y7 f BI"6 0 ARlWeiftBkS OA© 
±C ff£2~3 Mtn©±a5v'— ;H«R-7 '0 Ji*X>1 v 

[0 0 6 4] JBLtW.fc'pKLT, ±g&3r^ >y?ll©-t 
C «4Mt5<t5ttTt>< GMRK4 0cD± 

0 0>±\Z, ifiS-tg^ r V TWk 6 0 *t^)5g$n^g5» 

(i?_b®tcifi^{Bl©8&#) trri, iMt^yie o© 

IgJPC^LWS 0 nmiat)- GMRI4 0©#-k®** 
?>^nfcM©^{C*^Ttt> ±gP^^-yVM6 0Aco 
SIJPfcii&gyR 5 0 AW^M^Jn^-fcfewt^^. S£o 

im&mfc. ±«^y^ r ii6 0 ACD^t^ttdK5 o 

ACO^Jp^tin^.fcfeWt^'Sfciie). 5 0 nmJyj:©J*£ 

tt, ttHR5 OA^fflV^^ttCtO. ^±®WC*5tt 
5GMR14 0 tJi^>— ;PH^7 OCDEMt*. *¥±® 
fld^SfinfceBtC*lt-5.GMR^4 0 t±gp>'— ;vh 
K7 0 ©m^iJ: 0 *)'J^ < bTtv^„ ^tltioT. * 

[0 0 6 5] #Cfc\ I8~@l 2*»HT, *%^CD^ 

b' iz&^TwmmmvrzftmizisiirzA- a* w®* 

[00 6 6] **Iifi^tCfeViTl±. 03te^l^fc«^ 
(CJP^T, 7K7X18 5*ixT^5.-W7Xl8 

5«, ^mtt-e*o. gmrK4 0 ©Mssfega&aft 

T. GMR14 0 tCA-f -TXe^^-A^. 
8 511 ttSK8 0'IC«tt£nS. 
[0 0 6 7] M-f7Xl85ffl*tS«, t¥*©A*^T 

7X18 5(1 010, BTl ■lSM^Tfet1 t '5J:5 

It^ili*, GMRI4 0 te«l^i;t>©tbT^Si 
[0 0 6 8] AW 7X1 8-"5 fli8'0 t 

a ©»^> m txi^ 8 &'2sffm^)v h 

|^ 2 0 ©Wtt, TS5^ ir y'^fll 3 0"W«iKMl*CHr*« 

3 0Sr»<T-5t, TgP->-;H t M2 0©JitC#*bT 
TSC^-V y 3 0 tTSB->-;P KI2 0 ©raicS#b 

fes^Tse^^ >y 7m 3 0 fc^an?. trsf*— *o 
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[0 0 6 9] -€;Jl-e, AW 7X18 .5 ©;*:££ £/J>2 < 
-TS^ttw«tD, g^.b!>ifc-;i4cJ;£*fi&BJE©<g 
Tco«S^S<£T^-a-^«J;5JCUTti-5. Sfc. A'-f.77, 
S18 5 ©*^S < 9®^E 8 0 

$*8-J:3C; i^l5 0 £^j£T5<k.5lCbT^5. £ 

[00 ; 7 0] -jg.9£a*TJ:9C. S«10©J:»wH T 

g5s^-;uK^2 oAtMsnx^s. at ion 

2mm07Mz^A (A 1 ) £3^* (T i ) 
t(G) ©^ \{7)Vf-»jp) &m^T^2>o SilOffl 
JI310 /im®7Jl'it (A 1 2O3) ISrXAy 
* U >^T?»J«U.fc«. »S 2 /t mOT»i'-* HP 2 
0 WXrtv* U >#&L < tt* -y «t 0 7fcJ$2*a£. 
TS&v'— ;H«882 Ott. 3Wh (Co) 

(Nb) t, vMK3-<?A (Zr) ©-&&7!)>'t>#Sf££n 
..S, •TBBS'— ;PHK2 OtbTWU tetC & (Fe) . 

(A 1) , ->>J3> (S l)-0>ft*-(£> 
:5*X» A-'TD'f (Ni-Fe) SW^^-SClifc 

[0 0 7 1] T»3'-;l'FK2 0©±K, TBMfiry:/ 
■ 3 0i)«»*Sn4. XAy* 

u>^b<ttcyDtc«j:ojgfiK$n, -^-©jssh 7 

0~8.0nmtjb5. TSP*-VV^3 0tt, 7JV5:h 
(AI2O3) tnK{t:->U3> (s 1O2) d><E>&&iS6 
«dKT?*-5«. T«Wf*y^R3 OtLTH A 1 N, ^ 
;-ft ; E>H5'f (DLC) Oi3Sl!gi$ 

[0 0 7 2] T&3r*yZfm3 0<D±\Z. GMRI4 0 
#f JiKSnS. GMRR4 0tt, X/1y^U>^*U< 
. tiCVDtCiO^^tlv ^©IJH. 5 0 nmt* 
: !5v:GMRi4 0lt 5>>?)l (Ta) ■» /1-VD-f 
\.(N i F e-&^fe), (Co) . $ (Cu) , 3 

:A;H> (Co) , £DA (C r).. (Mn) • 

(pt) *»jR^WBarnT»j«.*n*. ~©4> 

. T. a/Wh (Co) ,ft(Cu) xy^^lcfc 

• y[0 0 7 3] GMRI4 0.©«^©±C, GMRI4 
0 tcM-T^/NW 7X18 5 *5MS.n5. /K7XR 8 
„ 511 X/V>!i"J>^tiOMi5tlv ■€-©»$ tt> 5 
; 0nm?»5. .;H7Xl8 5Bi Co-Cr-P t© 
<fc 5 A-f 7X18 5 h VX 

fctv Fe-MnWipTSS^tt^Srffl^-S^tfet? 
3§rS.Arf 7XK8 5tt; GMRi4 0 KA-f 

[0 0 7 4] A'-f7X^8 5©-hlC, «gl8 0;WUj& 
®ffi!8 0tt, XAy;5"J>^b<«CVD 
fc«fc0JBf£S*U ^©JP^d 7 0nratW. tt&gt 



8 0lt 3>>?iKTa) , ^>yx^> (W) , ^E>J 
:7x> (Mo) . & (Au) , 7)V=L-Vk. (Al) , 
ffi (Cu) ©<fc3teS£t^©te^:tm£ffl<^. 
[0 0 7 5] GMR!4 0S^fffii8 0(D±IC. ±SB 

X A y ^ U > ^ L < teC V D JC«k 0 JgJ&S *u •?-©» 
Sli 7 0 ~ 8 0 nmt<65. ig&^r y 7"! 6 0 tt, 

7^5^- (AI2O3) »<b->Un> (s \ Oi) ft 
t>tzz>mmrQ$>z>. ±m&* y?Wkz..o tutfe a 

IN, ^'f-V ; 6>H/7-1'^*— (DLC) ©.^:575: 
f|fce^©S^i^«^?&ffl^^Cl<»:t)-C^.i5.., , . 

[0:0 7 6] ±&¥wzf$g6 0 ©_htC» JP£ 2;/zm© 
±&~>-)l> W7 0 **XAy ^ 'J >^SL< te* ^=^tC 

iOiMssnsi, JiSRv'— jv\*m7 on a— veh 
[0077] ±&$>-)v km 7 0 t)mi&t<tifz&. m 1 

t'^LfcB- B ' " (i?_h®) iCfel^TiZJISr;**!.. *.©3g 
IWiSn^.. £©SJB>r#fStC<J;oT> GM.RjK'4 0 

[0 0 7 8] ft*, @9~@1 l.^fflW^tU^ 
tc, tgi8 0fflfMT?*t)T. -hSB^-V %^HS 0 

^©^sti-sttsn GMRi4 ostf;H'7iXl 
8 5©^±®<hK*fflfl©^gp-e*S. *&BdK#J£f£5*n 

[0 0 7 9] ^IC, i9~0 1 1 ^ffl^T. *^ig©^ 

U 01Ofl 0 8 ©D-D' BrISSb, 0MI1 
08©E-E' »rB$r^bTV^-S<, ; ; S 

[0080] 09~0i uc^-r=fc^(c *sro©Ji 
ten TgB->-;n^p2 o*^fiE$n, s&.ic..-rFV^ 

TSB^-F yaffil 3 0©_htCH GMR140« 

jEgsn. ^ic, 01 omsmi \ \z^t^.o\z. gmr 

P4 0©MflJK:A-r 7X^8 5*«Sn«. . 
[0 0 8 1] ^CtC, 09tC^-r<tP»C GMR140O 

age-c&oT, »KfflE§csy h*©^±®^e>«nfcfii© 

i%&&mv£vlz, 01 OSt^0l l(c^fr«J:3 

ff±jB^S8infcfi!l©S8a5*S5 e k-5tc, j*fegU8l5 0at 
f^ns. iil5 0«. XAy^U>yiC«t»3^ 
Sn, ^<DmZ\*. 5 0~10 0nmTW, EH^. G 
MRI4 0 tatW|j!l^GMRl4 Offl2ffi©S»0 

ttftE^. gM^gRT©O^Sfe0*#!tL.TStJe)6n-5 
fe©t?& 0 > TSB** 7 7H3 0 ^±85^^ '^16 0 
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[0 0 8 2] Sgtl5 0tt; 7^5^ (A 1 2O3) t- 

cs i-o 2 ) &<E>ffii&znT^i>. mm 

5 0 £ UT. (A 1 2O3) U 3 > 

(S i 02)' £ffl^&£<tl£<fc9\ T;i/*'JSKlcJ:DX 

y^^-rs&ucfc. x-y^^snsc.tkfcft^'b© 

GMR8&4 O COS^fe^^S O^CicO 

(A 1 N) ^. m->'J3> (S I3N.1) -a***** 
>F5"f >^#— (DLC) <D£5fcm&M^V>&^ 

[0 0 8 3] ^(i, 010 &t*0 1 1 fc^-r<k 5 (£> A' 

-f 7xK8 5©±ic. His o*»»«a*ts : . £ e. 
1 »c^09~0i iic^T<kafc, gmrii4 0, mm 

5 0RI)!tIl8 0©JtK. Ji^^>y^6 0*^^ 
[0 0 8 4] ■H9~0'l HZ^-T^iZ. _k8&=f 

M 8-0 ^-hS5->— ^ HM7 0 CD^W^*^%<bT. 

mkmBL&\ft±zn&tz<bizffi?L*>tix^z>>, 

[00 8 5] 0 9~M11 JC^-r*5^ -hgR^f-V-y/ 
M 6 0 3fe^J:gP«^K5 5©iJbC JpS 2 xtmWJb^^ 

fiKStt-S. ±S6v— ;l/Hfig7 0«. /wn-f (N i F 

[ 0 0 8 6] CiT, 0 1 1 fC^f <£ 3 tC. #*SSP^ 
'.'teBWTtt. ««8 0 tTSP->-^ KM2 0©Ri)©^ 
g|G 4 Sfe^tefc^rrSTge^-V >y 783 3 0 ACflfi* 

©TKte, «SIK8 0 t«l^i;®«©AWXBi7&i|g 
teu T^Y>y^3 0 tcJ:oT*e^^tiT^^^t-C 

^ii^v-;^! 2 o o.ttr#*LTTW^>y :/ 

«3ia.tT5»->— ^ HM2 o <Dfstzjmvmmvo*>i : & 

=Pfy^l30 \zMf$.Ztiz\l>-fc--)\'(r>&Wz£r> 
T. • IfiMHHf&WS'HT* £ £{c£*. • i u ' 

[0:0 8 7] 43S«»tt'K:i5^TttI A-f7X 

& ; 8J5©Bfc&/h£<T££ifc<E9, 
;nc j;-s^i&iiifJJE©<£T»ffli^*fiT^-&^«t 5 bx 

-rtt; WIIEI 8 o rtiTSB* V >y 3 o £.mtetz> z\ <h 
te£*©T?* MBI8 0 iTSIW yaffil 30 ©frltC 



ttot, m@^8 0 tTS6->--»l'K^2 0©KOiS 
[0 0 8 8] W5 0(l 01OC*ti5 

tc, m±M&ftfr t>MntzM\z&w 7xbi 8 5© 

J; 3 l:MbTW5fflr, AM 77.18-5 © 
Jfltt0*&±ff2' c -Jl'Plt7 0 *-C©*fiigaElil I 32£;*:€? 
<t?,C t^Tt*. A*-f 7X18 5 tiMSs—JV ; FUt 7 

0©K©*6i@fciiiiffi^^<"^?»ct*tT^S^ 

[0089] S 6tC, 02 lC*bfc*J6^flbte^Tia 

Ku-sfe; 0 9ic^bfc<j;pic, leaa&s o&jg^s 

(C*5lt^>GMRK4 0 t. JiSP->-;P K17 0 ©iEfffi^ 
I 22J; 0 fc/hS < T-5^lilw«kD. *fS&Wffi*l6)-hS 

[0 0 9 0] ^1C, 01 2SrfflHT, **Jfi^fiib3:S 

S12l:^T, fcfiO©0 (a) , (c) , 

(d) . (e) . (g) , (h> , (j) ti» mssm» 

*«©0 (b) . (f) , (i) , (k) tt; fefiJ©^ 
DtX@ (a) , (e) , (h) , (j) SJr^SJLfc 

[0091] 012 (a) \Z7Fr?£.5Kl* 0^U*cV»* 
S©±(C T«S/— ;H**2 O^^TT^. -€-©JiklT 
^t^R3 0^U ^&»Cv -e©±lCGMRl 
4 0SMT5. 3 A— HAM7X«j§©»^ 
AM 7XK*^T«>fcJ6tcX5 i >->;H^©^v f X h A 

012 (b) \Z^t^o\Z. ;H7Xl*ffSt5M 

[0 0 9 2] J^(C, 01 2 (c) \Z5n-tii^\Z, 
Vr\& — >RP 1 ^YX^itT, ^>5'J^IM 
^lC<tD, A-f7X^*^-r?>®^©GMRSi4.0^ 
StD^<. GMRI4 0BI1 ^Wlca^>> H©-fe 
>-y-tbTfflV^B55i-t?a&D, GMRI4 0A, 4 0C 

[0 0 9 3] mz. 012 (d) \Z^-T^V\Z. VVTs 
YK9 — >R P 1 SVX9 i: bT, A*-f 7Xlg 8 5 SrX 
/1>y ^ »J >^lr<t 0 »**T<&. A--f 7X1 8 5 A, • 8 5 
B HBOIIt?S«»C/H7 Xtt t bTffl V> 6tl 
W7XRO»l«l, l^Xh*JItli££mv-C<< 1- 
v'X h/^->RP It. ZitoWT* hA^— >RP 1 
©±BlC0^SnfcA-f 7XK8 5 §r»AT^ 
[0 0 9 4] ^fc, 012 (e) fttf (f) IC^J:^ 
GMRI4 0 B^ffiS©t>tf tSfe* 
{C. Xr>>-Mffl l/'^X h/^->R P 2 SIM 
l/yXW->RP2(J. 012 (f) IC^TJ: 
St^tGMRl4 0BtM7XK8 5A, 8 
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[0 0 9 5] ^Lt. 012 (g) tC^cT-t^tC, W 
XbA* — >RP 2SrVX^ibT. -ft^S'J^I 
M^fcffl ^T, «mW^^**T^> GMRI4 0 t A 
-f 7X&8 5©g&#£8tLT. ■sfe3'fc«#£»3j-r*. 

[0 0 9 6] ^-©&> 012 (h) , (i) iZ^t^O 
IC. ^ICDU-^T, H/^->RP 2 SrPfSffllvr. $fij&JB£ 
5 -Q-SJMtrS. «&R5 0«. GMRI4 OR«m 
7X1818 5©^. B9&tfB'l O'tZ&wrBlH 

GMRI4 OaW-f 7X18 5©*?-k® 
55>£«n*:$l©agg&£S5 JcSlC^f&Sns. 3£oT, 

;RK4.0©Sf8SStt. GMRR4-0H *>S^^fc± 

■oTj«w[bfe«'r<*fciaw(i5.o««»j«an*&«6. 7" 

□tX*©MI:»n.5Ci!(l?&<. flEoT, GMRI 

[0 0 9'7] tfiflUR-5 OOjMHfc : >«NMK€JB 
t/VC> U^M^^RP2il<yx h/1^->RP 
2 ©±lC^fi!c$nfc*»^*6igtlK 5-0 A^I^5feT^ £ <!: 
tC«fcO\ 012 ( i ) Kr^J^fov 'GMRI4 0©M 
WCAW 7XIBI8 &*»»)*«;n, -£*ve©jiH©^®a* 

s&bhbis ofcait>nfc#ij«i:jr* ! ct38«T?**. 

[0 0 9 8] 01 2 (j) ... OL)-K3Rttz5 

ic> gmri4 o ^m^tmmir^t^o). mmms o 

#A-f 7XIK8 5(0±\ZMtfL2K2>. .tHT8:0e. t 
©-SglCiJ.^TA-f 7X1-8 5 &j»9LTtr>«tfv -?-© 

*ss#«. «W5fl.»±te»*sn5. lot, mm 

I8..a<9*»»tt, -SWOfFfc; NMMtS 0 tTge#+ y 
^3 0*1JgjSSnT*5.0.' '~FgB~>->>W KSI2 OtCfpl 

[0 0 9 9] *©&» .09 ~04 1 tC^^TIftW bfe J; 

■-MWKBI7 0)*?K*:f)S3n5'.^l/T; 012 (k) 
IZfUTB'-B' fc»r>.T«J»fS-n» -€-©«)»F®£.0f«b 
T, BA'SyPtiS&J&SttS. 012 (k) ©A — A* 
©8r®#li§teu H-9 ! HwUfc'it*0'T?*0, 012 

(k) ©D-D* ©8rB#tjite> 01.Ofc^L3fci*iD 
012 (k):©E-E'.©»rffi«|j§tt i 01 1 
■ fcjRbfcfc^fe.DfT?**.. • : . ■ • ■ 

[0 10 0] «±3tWLfe«fc3lc; jsftfOfcVllic&'ti 
«, A*-f 7X18 5 5fli8!0;J;.t) *>/h£ < f 3 £ £ 
fcfc, 8' o ^HTOrireZflKS o opilKf&MK 5 
0Sr«A-5J;5tCbT^-5fc*, «&$I8 0 <kTSS->— 
^ FBI 2 0 <h©ra©*ffiftME.£|6)-h-£5 ^ ! <fc^-c^?>. 

[0 10 1] A*<7X^8-5©^±ffi*^fBnfc 
ffld©JSiSB£iS&ii$l5 0T?S5cK5 tCbT^-5fc*e>. AW 

7XH8 5 t±*5/— o©ra©*e^i»ffi*isi-t 

[0 10 2] H&MK5 0*ffl^^^ttC«k0. 



f?±MW;M3H-SGMRBl4 0 t±g5->— ^Hi7 0© 
S±®fil*^Rinfcfi[®tC^tt-5GMRK4 0 
tiSBv'— )U KM 7 0 ©mSS«t 0 *>/h$ < LT<A£© 

[0 10 3] GMRW4 0©S3Sfre&oT, 

<A£fci*> l/^XhWiSOlSlCfe, GMRI4 0>P© 

a/VVb (Co) -^m (Cu) n& 
&3t>©-e&£. 

[0 10 4] ftii. fiLk©tt9!Ttt. ^ffitrt^lPi 
L/T, GMR14 0Sffl^i-5fc©ibTUiWbfc^ G 
MRIHlCttAT, MRKSrffl^T^l^eUCfiifiK-r^Jlt 
tffC^S. MRffil£/BV>£*§-&Ktt, "FSB^^^y^3 
0©±1C> NiFeSttt^. ^^JV (Ta) , A 
— v.a-f (NiFe&4) . (Ta) 

m £ nxjps a* 5" 0 n m©M r X/Vv * U > ^ 

[0 10 5] MRBSSrffl^S*^*). MRi©#±I 

#i*^ssnfc^ic«, mmm&Mf$,-2ti2>tcitr>. urn 

[0 1 0 6'] 0 1 3 ~0 1 6 & jfj <^t> *fgeq© 
SB 4©|QgJKffi© .fcStHBUSHlAy HKoWTRBt 

[0 10 7] &i5. 0il3tt. IB3©*ig^8g»c^H--S 

SSl/TfeO, 0 1 4tt,;01 OK?#^S0t?*D, 
0 1 O iR— «Hm> ra— g5^*^UT*0; . 0 1 5 

lis 01 1 \zttfo-?2>m^$>K). 01 1 tm— nmz. 

[0 1 0 8] 01 3 ~0 1 5(^-r«fc 3 1> fS2mm 

©7;rz^a (a 1 ) tf^ (Ti) (C) 
©^ : (7;^ y iO '.jav&fcsas* l 0 ©±(ctt; 
. ->-^ KR2-0 ^MS^5. Ta^— ;P KM 2 0 

2 «mt*D, XA.7^'J >i^l/<tt^f*l:J: 
TS^^H^Ott; (C 

0) =t^ (Nb)±, ^1<3^A (Zr) ®& 

&fr*>mf$.t£tiz><. r FSP->-;i<KJi2 0 turn 

tC, « (F:e) , 7;P5r-?A (A.l) , ->U3> (S 

1) ©^ (t>yxh) ^ A-vn-f (Ni -F 

e) &m^zz\i:>b-e&2>. • 

• [0 10 9] T?«><— ;H«»2 0 ©JifC«> TS5#^ y 
^3 0#«Sil5. -FSP^y^R3;0tt; XA«y 

^ u >^ i> < «c v d \z «t 0 mmz ■«■©» s 

7 0~8 0 nm-C«5. TSS^^'-y ^3 0 tt> 7^5 
J- (A 1 2G3) ii-.WUtz' >J n > (S i 02) %1S.Z> 

%mm-?$>z>. T^ty^i3 otum ain, 

[0 110] $^«c. 01 3tc^TJ;5^. TSB^-w 
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^3 0<D±tCtt, GMRl4 0!d«Sn5 i GMR 
: -14'Oa. ^^i"J^l/<ttCViDtJ:5»)«a 
*U ^-ODifStt, 5 0nmt*5. GMR14 0B, * 
>?)\, (Ta) /I— rn-f (NlPe64) v 
h (Co) , & (Cu) . 3^;^ (Co) , 
(C r ) (Mh) • '/7ft (P t) WMX 

[Oil 1] Jfcfc, 014 K.T*0 1 5 <£ 5 1C, G 
MR'JH4 0©W^KA^7X$I8 5#Jg5fi££n&. A 

- »S WU 5 0 n mT»5. W TXBT 8 5 C o - C 

r— p t <D&?tt.mm\aittn*m^-c^z>. /urxm 

:5itfeTt5. /H7Xi8 5ll GMR14 OlCA 

[o i 1 2] ssic 0i4aMi 5ic*-r«t5tc, 

AW7X888 5<7>_hK. mi »««8 0 f ^fie$tl 
3„ KS 1 ©«@)8I 8 0 tt; XA>y ^ U < HC V 

.r';©«W!t 8 0H Xl/» 5*T-f ^ 

(Ta) , 3?>^Xt"> (W) , XiW? 
. > (Mo) fc: ©iSlSl^lSSrffl <A*. Ctt^cD 

i^feCDtf^-S. 3: (Au) , 7)P3^A (A 

1 ) ©5:575:«^W<gt^»^fflV^r ifc-C^S. 
< [01 1 31 #ClC> B13 tC^r<t:5tI. GMR14 0 

;^tx«8 5K^mi OTS@^8 o ! ©ag6-e*) 

rt U >^1C ± 0 Mf&t*tli ^<DU^ tt> 5 0~1 0 
OriraTW. IP%, GMRl4 0 tmi;iR)l^5GM 

[0114] tmms o«; t;v5^ (a 1203) t— 
mfb^un^ cs i 02)-s^e.^snTv^. «t»Bt 

5 0 tUT, T)k5^- (A 1 203) t^^kv-'J Ci > 
(S :102) SfflV^CttedtD. 7)^'JiKfC<fct3X 

, Xfe*. GMRK4 0<Di%1$btmm5 0 tCct 0 

&43v 5 o tbtti, aflsr^s a 

(A 1 N) 4\ gft-»J 3> (S i 3N4) y-f -V^ 
>H^-f (DLC) CDJ;5^G^©S(' i 



[0 115] i>ctc. 01 4 K^-vr <£ 5 lc> fg 1 ©«®Bt 

8 0 ffl±t:, fg2 (DSffilK9 OT^^tlS. Sg2©m 
II9 0I1 XA^U^mXttCVDICcfcOflJJiJc 
2 0 0 nmT*5. m2©^«ffil8 
Ote> ^ (Au) , T^S^A (Al) t -m (Cu) 

[0 116] 01 3-01 StC^f.fc'PlC. GMR14 

os.^2cDm@^9 o<d±(c, ±g5^^f/i^6 oa* 

L<teCVDK<kDJ§5fi£3*U ^OS^tt, 7 0-8 0 
nmTfc&o ±Wfv/I6 0H T^5^- (A 1 2 
03) t— K'fk>'U3> (S i 02) ^e.j'i^^dKTfe 
±^^>y^8 0 tbTtt. A I N, *f-i\^z> 
K7-f^*-#> (DLC) <D&otS.f&&M&<»&^& 

[0117] Sfe, 0 1 3~0 1 5 tc^T^P ±S5 

5 ~ 1 Mm©Jigl5^gaK5 5*tx/t>y >^»Ccfc 0^ 
^*tt^. ±^SfeifeM5 5«{i^Cfct2<kD> ^2© 

[0 1 1 8] Se>lC, 01 3~01 5tc^-r«k5ic. ± 
g?^t7^6 0 RZf±%Mtmm5 SOlhtev *^ 2 

-f (N i Feft^) frZffim^tlZ. 
[0 11 9] ^CtCv 0 1 6£JH t^^T. *mfi^»C«t-S 

fe, 01 6tC*5V>-C, A-:fflJ©0 (a) . (c)', 

(d) . (e) , (g) , (h) , (j) m&m<* 

^[6]SlcffiS-rsfi:S^e.^.fc^f©^a-feX0-efeO. 

fM<»m ( b ) , ( f ) , ( i ) ; (k) um<n-f 

atXKa) , (e) , (h) , (j) SrltA^Sfc 

[0 1*2 0] 016 (a) iZy^TJz ^ IC» 0?T<b^^>* 
fe(D±{C, TS5->-)l'H^2 0 5r^T^. ^-<D-htrT 
^^3 o £I^U 2 «=>tc, -?-ro±icGMRK 

?->RPl O^-TS. V^X h/W->RP11t 

016 (b) ;H7Xl4«t5l* 
[0121] ^{c. 0i 6 (c) i*ti5l:> i^^x 

h/^->RPl^Xftl/t, ^ft>5'J^IM 
^IC*D, A-f7Xl*Mt5S«©GMRl4 OS 
Ht)^<. GMRl4 0Blt Si^Wtcm^^ H©-t 
>1ttbTffl^-5^Tfe0> GMRI4 0A, 4 0C 
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t0 12 2]^C 016 (d) IC^-T J: 5 IC, l/v'X 
N^->RPimi'i:l/T. /H7Xi8 5$^ 

A; so Bifl. m^^xmxm^ffmzm i ommmti b 
Tfflt^nsi. sg i ©«sigi©j&££i&, w^xhfJiffiifc 

>R P I <D±m iZBf&Z tltcM: 7X1 8 5 KtfKS 

i©tli8 0^in. 

[0 1 2 3] X\Z.. 01 6 (e) &tf.(f ) fC^-T«fcP 
1C, GMRI4 OB^^©-tr>-y-^ttlCfiE^-rSfc* 
(C, X^i^MKcDWv'X h/^->RP 3 2r-^T 
•5. >RP3H HI 6 (f ) \Ztf;?£l 

o\Z, It^GMRl4 O.Bt|gl «>fia^8 O A, 
8 0B*fi5ftttbW5.. 

[0 12 4] *VT. 016 (g) 
X hrt*— >R P 3 STXi't LT, <*>S U >^ I 
M9*«l»T. M»^M&ttSGMRK4 0 t A* 
-f 7XK8 5 iSSl C0fgI8 0 ©SB#£SbT, 4kft 

[0 1 2 5] 01 6 (h) , (i) (C^T^S 

\z. zl<dwx bmr— >rp 3^fSMw, mmm 
5 o 5 o »T gm,rH4 o r^/n'-t 

7X18 5 Stffg 1 ©SH 8 0 09VM, fiP^. 014 
SOTl 5t*3^TlttBJbfc«fcplC, GMRI4 0 ; R^ 
7XBS 8 5 RtfSg 1 ©llffiffii 8 0 <Dm±jBfr S8S*l 

Stl^Cu, Co&if©«W8Hin.GMRl4 0 
©SggflHU GMRR4 0 5-ft>5 U >#tC«J:oTf£^ 

vrc&t<\ziimf&5 owBf&znzrc.®* yo-txf 
c i < v ..f^t, gmrI4o &m 

[0126] ig«5 o<D&m&. M'jxbmmm^m 

^X. U-v'X h/t^ — >R P3i ^X b/^— >R P 

3 <D±\z&f8.znrz&ttu®mm 5 0 a^sts ^ t 

£«fc9> 016 (i) IC^«t-5(C, GMR14 0OM 
flfltCA'-f 77R 8 5*13^1 ©«®K 8 0 ?W§5fiJt£ 

n, -€-n6©^ffl<7)*®Aiitei&M5 0 \zmx>ntz.mm£ 

[0 1 2 7irk«h'-*'Bi6 ( j )„-' ■( k) tC^f «k^ 
fc, GMRfe^«f ti^t5fc»«>»: 12 

«Bt 9' 0 ttj -*©.-'SS left** t |IS4;©«Sp 8 P t«i 

b-c^***j : ^©*gB#tt> isms- a'®±ic»j«sn 

tmms 0 tT^ty7"l3 0 #^2*1X43 0, T 



[0 12 8] •?-©&> 01 3~01 5lC*5^TiJl^Ufc 
J; 5 tr, _Lg&* ^ 7 7TI6 0, _hgB*&BtBI 5 5 &tf±SB 
->-;i/HK7 otfmxMfcznz,. -eut, 01.6 

(k) l^TB-B' \Z%foX®mzn. ^-©^»r®£ 
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